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INVESTIGATION OF INTERMITTENT ENHANCEMENT OF ION  EMISSION 
FROM A TUNGSTEN SURFACE USING THE FIELD-ION MICROSCOPE 
by Victor G. Weizer 
Lewis  Research  Center 
SUMMARY 
An intermittent  enhancement of ion  emission o r  blinking  effect is described  which is 
observed when a few  parts-per-million  neon a r e  added  to  the  imaging  gas  in a helium- 
tungsten  field-ion  microscope.  Measurement of the variation of the blinking rate of a 
single  emitting  tungsten  atom with applied  voltage,  tip  temperature,  and  gas  pressure 
suggest that (1) adsorption of neon on the  apex of a protruding  tungsten  substrate  atom 
is responsible  for  the  blinking;  and (2) the rate  of blinking is proportional  to 1 - P;+ 
where P;' is the  probability of double  ionization as a neon  atom  passes  through  the 
ionization  zone  above a protruding  tungsten  emitter. 
INTRODUCTION 
When the  tungsten  field-ion  microscope is operated  with  helium  imaging  gas  contain- 
ing a few  parts-per-million  neon, a random  blinking of the  normally  emitting  atoms  and 
their near  neighbors  can  be  observed.  The  voltage  range for viewing this effect lies 
between  about 80 and 90 percent of the  best  image  voltage (BIV) a t  a tip  temperature of 
5 K.  
As the voltage is lowered  below  about 90 percent BIV, some of the  atoms  in  close 
proximity  to  the  normally  emitting  atoms,  but  which are dark at BIV, begin  to  emit  for 
short  periods of time,  after which they return  to  their  original  nonemitting  state. At a 
slightly  lower  voltage,  the  normally  emitting  atoms  also  begin  to blink, increasing  their 
brightness  momentarily  and  then  returning  to  normal  brightness  levels.  The  total  effect 
on  the  screen is a random  and irregular scintillation. 
The  purpose of this report  is to  describe  the  results of measurements of the charac- 
teristic  quantities  involved  in  this  blinking  effect (i. e . ,  the blinking rate, the voltage 
limits for visibility,  etc. ), and their variation  with  temperature,  field,  and  gas  pres- 
sure.  A  theoretical  model  relating  the  blinking  effect  with  the  probability of neon  atom 
penetration of the  ionization  zone is proposed  which is in  agreement  with  these  experi- 
mental  data. 
EXPERIMENTAL  RESULTS 
The  microscope  used  in  these  investigations is essentially  the  same as described 
previously (ref. 1). The main feature of the  apparatus is that it permits  the  tip  temper- 
ature  to be  varied  from  5 K to  room  temperature  while  the  imaging  gas  temperature re- 
mains constant. The following modifications, however, were made prior to the start of 
this  work: (1) the  original  liquid  nitrogen  cooled  screen  was  exchanged  for a room  tem- 
perature  screen  to  permit  direct   access  to it; and  (2)  the  sample  holder  was  modified as 
shown  in  figure 1. Here  the  tip  wire is welded  to a nickel-cored  copper  sleeve  that is 
thermally  shrunk-fit on the  end of a single  crystal  quartz  rod,  the  other  end of which is 
attached to the heat exchanger as shown. The 3/16-inch- (0.476-cm-) diameter quartz 
rod is admitted  into  the  screen  chamber  through a 5/16-inch-  (0.79-cm-)  diameter  aper- 
tu re .  
To  monitor  the gases present  in  the  microscope  envelope, a C. E. C.  type  21-611 
mass  spectrometer  was  appended  to  the  microscope  near  the  screen  chamber. 
It should be mentioned  that  these  experiments  were  performed  under  dynamic  vac- 
uum  conditions,  the  background  pressure  being  typically  about 1X10-* to r r ,  with  water 
as the  main  contaminant. 
It was found that  quantities of neon-free  helium  imaging  gas,  large  enough  to  supply 
the  demands of the  vacuum  system  could be obtained  from  the boiloff of a 50-liter 
(5x10 -cc) liquid helium dewar. Other impurities, with the exception of hydrogen, were 
removed by passing  the  gas  through a cold trap  maintained at 4.2 K. A titanium  getter 
was  attached  to  the  gas  handling  system  to  remove  hydrogen  impurities,  even  though  the 
mass  spectrometer  showed  no  detectable  quantity of hydrogen. The blinking effect did 
not  seem  to  be  affected  by  the  operation of the  getter,  indicating  either  that no hydrogen 
was  present, or that, if it were, it had  no  effect on the  blinking  process. 
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Measurements of the  blinking rate (BR) of individual  emitters  were  made by mask- 
ing  the  screen  and  positioning a photomultiplier  adjacent  to  the  visible  portion of the 
image. 
The  transition  between  the  blinking  mode  and  the  stable  imaging  region  (correspond- 
ing  to the blinking cutoff voltage (BCOV)) was  detected by direct  visual  inspection of the 
screen with  the  aid of a low  power  microscope. 
Although this  phenomenon  occurs on all observable 
analysis  that  follow are all concerned  with  the  tungsten 
observation on this  plane. 
planes, the measurements and 
(111) plane  because of ease of 
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The  blinking  effect  was first noticed  when  the  microscope  was  operated  with  com- 
mercial  quality  helium  imaging  gas  with  its  attendant  contaminants. It was  subsequently 
found that  the  neon  impurity  was  responsible  for  the  blinking  effect.  The  blinking phe- 
nomenon  could be induced  by  the  addition of only a few parts-per-million  neon  to  pure 
helium  imaging  gas.  Figure 2 shows  the BR of one emitting  atom on the (111) plane as 
a function of neon  partial  pressure at constant  helium  pressure. As can  be  seen  from 
the  figure,  the data indicate a finite BR even at zero  neon partial pressure.   The  most 
obvious  explanation of this  residual  blinking is that it is caused by diffusion  from  an  ad- 
sorbed neon  layer or film on the  shank of the  tip. In an  attempt  to  remove  the  suspected 
layer,  the  field  was  removed  for a few minutes. When the  field  was  restored,  the blink- 
ing continued. Next, with the voltage applied and pure helium gas present, the tempera- 
ture  of the  tip was  raised  to  about 30 K for a few minutes.  The  result was  a cessation 
of blinking.  Thus  one  concludes  that  the  cause of residual  blinking is the  diffusion  to  the 
imaged  portion of the  tip of atoms  from a mobile  physisorbed  phase  on  the  shank of the 
tip  that  can  be  thermally  desorbed at about 30 K. Polarization  forces  do not seem  to 
play a major  part  in  the  bonding of the  adsorbed  shank  layer. 
An adsorbed  layer on the  shank of the  tip  should  deplete  itself  with  time,  and  this 
was  shown  to  be so. The BR was  measured as a function of the  time after the  neon  com- 
ponent of the  imaging  gas  was  removed  and  was found to  decay  with a time  constant of the 
the  order of 100  minutes. 
The  negligible  effect of the  helium  imaging  gas on the BR can be seen  in  figure 3 
where  the BR is plotted as a function of helium  partial  pressure  for two  different  values 
of the  neon  partial  pressure. 
Figure 4 shows  the  variation of the BR with  applied  voltage a t  5 K and 20 K. The 
voltage  limits  for  these  measurements  are (1) the BCOV a t  high  voltage  and (2) the  onset 
of a bright,  blurry  emission  mode  at low voltage.  The  phenomenon  occurring at the 
lower  limit  has  been  postulated (ref. 2)  to  be  due  to  an  enhancement of the  supply of 
imaging  gas  atoms  to  the  sharper (111) regions  from  the  flatter  regions  around  the  (110) 
planes  where  the  field is not high enough to produce significant ionization. As this limit 
(to be referred  to  as the BBV) is approached  from  higher  voltages,  the  entire (111) plane 
suddenly  becomes  quite  bright  and  the  atom  spots  become  large  and  diffuse.  Because of 
this  gross  change  in  the  appearance of the (111) plane,  the BR measurements  were  ter-  
minated at the BBV, even  though there  appeared  to be some  blinking  below  this  voltage. 
over the ranges 0. < PHe < 1. 2X10-3 t o r r  and 5x10-’ < PNe < 5X10-* torr .  The 
BCOV and  the BBV are plotted as a function  tip  temperature  in  figure  5. 
The BCOV was found  to be independent of both  helium  and  neon  partial  pressures 
DISCUSSION 
Once  neon has  been  identified as the  cause of  blinking,  the  question a r i s e s  whether 
the  effect is due to  the  energetic  impact of the  gas-phase  atoms with  the  surface, or 
whether  the  mere  presence of neon on the  surface is responsible  for  the  blinking. 
Because of the  fact  that  blinking  continues  even  after  the  gas-phase neon is removed 
(fig. 2), one  can  conclude  that  the  process is not  due  to  energetic  gas  atom  impact. 
If, then,  the  presence of neon on the  surface  causes  the  blinking,  there  appear  to be 
two alternatives. (1) The presence of the neon enhances the emission, producing an in-  
crease  in  brightness of an  emitting  atom. (2) The  presence of neon causes a lessening 
of emission,  observed as a temporary  darkening of the  image  spot. 
The  latter  possibility  can  be  eliminated  in  light of the  fact  that  atoms  that  are  invis- 
ible when imaged with pure  helium a r e  periodically  visible  in  the  blinking  mode. It is 
evident,  therefore,  that  the  action of the  neon on these  atoms is such as to  increase  the 
emission  above  them. 
The  location of the neon atoms while  they are  active  in  producing  enhanced  emission 
can be inferred from several qualitative observations. Two configurations readily come 
to  mind. 
First, neon atoms,  adsorbing  in  the  recesses or  valleys  between  protruding  sub- 
strate  atoms, could  conceivably  cause  electronic  redistribution  resulting  in  field  en- 
hancement  above  the  substrate  atoms.  This  type of mechanism  has  been  postulated  in 
the  case of hydrogen on tungsten  (ref. 3) .  It would not seem  to be as likely a mechanism 
in  the  case of an  inert gas, however. 
Alternatively,  an  adsorbed  atom on top of a protruding  substrate  atom (peak adsorp- 
tion) would change the geometry in the vicinity of the  emitter.  The  geometry  change 
could result  in  field  enhancement  above  the  emitter  complex which  would produce  en- 
hanced  emission. 
The  latter  configuration is favored by  the  observation  that  the  blinking  process  ap- 
pears   to  involve  only  one  atom at a time. One would expect  that,  for a valley  adsorption 
complex,  more  than one substrate  atom would be affected. A neon  atom  adsorbed  be- 
tween  two  tungsten  atoms  should, if  it affected  the  electron  distribution,  cause  field  en- 
hancement  above  both of its neighbors.  Coordinated  blinking of this  sort   has not  been 
observed. 
Peak adsorption, on the other hand, would affect only one emitter.   Furthermore,  
if we can  trust a calculation  based on macroscopic  electrostatics, it can  be  shown  that 
the peak site is favored  over  the  valley  site  energetically. The polarization induced 
binding energy, 1/2 crF , of a neon atom adsorbed on a metal  surface  can be shown, for 
the  field  strengths of interest  here,  to be about  an  order of magnitude  greater  than  the 
normal Van der  Waals' adsorption  energy which  would  be maximized at the  valley  sites. 
A  field  variation  from a valley  site  to a peak  site of only 5 percent would then be neces- 
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sary  to  make  the peak site  energetically  favorable. 
One difficulty  with  the  peak  adsorption  model is the  need  to  explain  the  long  ioniza- 
tion  lifetimes  in  these  high  field  regions. One recourse is to  postulate a field-induced 
chemical bond that tightly  bonds  the  neon  atom  to its peak site, thus  preventing its 
movement above the critical distance Xc. Field-induced complexes of this s o r t  have 
been reported in the literature. Mulson and Muller (ref. 4) have observed nitrogen 
atoms  peak  adsorbed on protruding  tungsten  substrate  atoms.  They  report  that,  in  some 
cases,  the  binding  between  the  nitrogen  and  the  tungsten  atoms  was so great as to  cause 
the  tungsten  atom  to  be  removed  with  the  nitrogen  atom when the  nitrogen  was  field  de- 
sorbed. 
Furthermore,  the  desorption of neon-tungsten  and  helium-tungsten  complexes  has 
been  observed by several  investigators  using  the  atom-probe  time-of-flight  mass  spec- 
trometer  (refs.  5 and 6). More recently Tsong and Muller (ref. 7)  have presented con- 
vincing  evidence  that,  during  the  normal  operation of the  field-ion  microscope,  ioniza- 
tion  takes  place  not  over a bare  tungsten  atom, but over  an  inert  gas  atom  peak  adsorbed 
on the tungsten atom. Thus we must conclude that, in our model for the blinking effect, 
the  field  above a tungsten  emitter is enhanced by the  peak  adsorption of a helium  atom 
even  before  the arrival of a neon atom. When a neon  atom  does  impinge upon the 
helium-tungsten complex, it would, because of its higher polarizability, be energetically 
favored to replace the helium atom. Because of its greater  size  and  polarizability,  the 
peak  adsorbed  neon  atom would be  expected  to  enhance  the  field  to a greater  extent  than 
the  peak  adsorbed  helium  atom  did.  This  greater  enhancement would cause  an  increase 
in  emission  from  the  site, which  would be seen on the  screen as a blink. 
Summarizing  the  previous  paragraphs,  then,  the  most  feasible  mechanism  seems  to 
involve  the  temporary  replacement of a peak  adsorbed  helium  atom with a similarly  ad- 
sorbed neon atom.  Because  the  neon-tungsten  complex  enhances  the  field  to a greater  
extent  than  does  the  helium-tungsten  complex,  there is an  observable  increase  in  emis- 
sion as long as the  neon remains  in  this  configuration. 
A more  detailed  model of the  blinking  effect would have  to  explain,  among  other 
things, the strong field dependence of the blinking rate (fig. 4). The  sharp fall off of the 
BR with  rising  field  has  several  possible  explanations,  among which  the  following seem 
to be  the  most  plausible: 
(1) A field-dependent  sticking  probability  model  where  the  probability of a neon atom 
complexing  with a tungsten  emitter  drops off rapidly  with  rising  field  strength 
(2) A fast removal  model,  where, as the  field is raised,  an  increasing  percentage of 
the  complexed  adatoms are removed s o  quickly  after  adsorption  that  the  resulting  blinks 
a r e  not observable because of experimental  time-constant  considerations. Two such 
mechanisms  come  to  mind: (a) a gas-bombardment  removal  mechanism  where  the 
energy  and  impingement  rate of the  polarization-attracted  gas  atoms  increase  rapidly 
with  field  and (b) a field-desorption  removal  model. 
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(3) A mechanism  which  involves  the  reduction,  with  rising  field, of the  probability 
of neutral  neon  atom  penetration of the  ionization  zone  above  an  emitter 
Of these possibilities, only the last, the  penetration  probability  mechanism,  has  the 
correct temperature  dependence. Both the sticking probability mechanism and the quick 
removal  mechanism are thermally  assisted  in  such a way  that at higher  temperatures 
they  predict  lower  blinking  rates,  in  conflict  with  experimental  results. 
The penetration probability mechanism is not without difficulties, however. Ac- 
cording  to  the  literature (ref. 8),  the  transition  between  ionization-limited  operation of 
the  tungsten-neon F. I. M. and  supply  limited  operation  occurs  at a field of about 
2 .75  volts  per A .  If we interpret  the  blinking  rate  data as being  due to  a penetration 
probability  mechanism,  then  the  sharp  field  dependence of the BR (fig. 4) suggests  that 
the  process is still ionization  limited at fields as high as 4 volts  per A .  
The  situation is even  worse when  one considers  the  fact  that  the  field  above  an 
emitter is enhanced  by  the  presence of a peak  adsorbed  helium  atom.  This  enhancement 
should  make it easier  to  ionize  the  incoming  neon  atoms,  thus  making it more  difficult 
to  understand  the  ionization  limited  behavior  in  this  high  field  region.  The  reason  for 
this  behavior is not clearly  understood,  but  the  following  explanation  gives  results  that 
are consistent  with  the  experimental  data. 
It will  be  assumed  in  the  following  that, at fields  sufficiently  above Fc (i. e. ,  the 
transition  field  between  ionization  limited  operation  and  supply  limited  operation), a typ- 
ical  emitter  configuration  consists of a helium-tungsten peak adsorption complex. A 
field enhancement factor u will be used to describe the field over a complex, such that 
where F' is the enhanced field above an emitter complex and F is the field to be ex- 
pected  over a noncomplexed  tungsten  emitter. 
It will  also  be  assumed  that 
(1) Even i f  a neon atom is singly  ionized  during its passage  through  the  ionization 
zone  above  an  emitter, it still has  the  ability  to  replace  the  complexed  helium  adatom 
and  produce a blink if  the  conditions of the  collision are   r ight .  
(2) If the  neon  atom is doubly  ionized on its passage  through  the  zone, it has a negli- 
gible  probability of replacing  the  complexed  helium. 
Let  us now derive  an  expression for the  blinking  rate by postulating  that 
BR = PN 
where N is the  number of neon atoms  that  pass  through  the  ionization zone  above  an 
emitter  per  second  without  being  doubly  ionized  and P is the  probability of peak  adsorp- 
tion  per  such pass. This  model  assumes  that, as neon atoms  approach  an  emitter  com- 
plex, they pass through the ionization zone above the emitter. During their pass through 
the  zone,  some of the neon atoms are doubly  ionized  and do not  complex  with the tung- 
sten  emitter.  Of the remaining atoms, a fraction p complex with the tungsten atom 
causing  enhanced  emission  which is observed as a blink. 
The probability of ionization, per pass through the ionization zone, per atom, can 
be  given  in  terms of the ionization lifetime T and the transit time through the zone A t  
by the  expression 
P - 1 - e x p - -  A t  I -  T 
The  probability of passing  through  the  zone  without  ionization is therefore 
P - 1 - P  - e x p - -  A t  0 -  I -  T 
If v is the number of passes attempted per atom, per second, and C is the number 
atoms  attempting  to  pass  through  the  zone,  then  the  number of nonionizing  passes 
through  the  zone  per  second is 
N = Cv  exp - - At  
T 
If Z is the arr ival  ra te  of neon atoms to the emitter of interest, and ki and kd are 
the  rate  constants  for  removal  from  the  plane of interest  by  ionization  and  by  means 
other than ionization, respectively, then 
C =  Z 
ki + kd 
The  ionization rate constant  can  be  written 
Combining equations (5), (6), and (7) yields an expression for N 
N =  Z 
From  equations (2) and (8) the blinking rate is 
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BR = PZ 
The supply function Z is a complicated function of the  t ip  temperature.   From 
brightness  measurements  taken at the BIV (ref. 8), it has  been shown  that  the  overall 
supply  function  increases  rapidly as the  tip  temperature is lowered.  This  probably  indi- 
cates  an  increase,  with  decreasing  temperature,  in  the  sticking  coefficient  for  incoming 
gas  atoms on the  shank of the  tip or a decrease  in  the  thermal  desorption  rate  for  gas 
atoms  diffusing  from  the  shank  to  the  imaging  region, o r  both. 
Further  complications  arise when  one considers  the  supply  function  to a given  plane. 
Muller, Nakamura, Nishikawa, and McLane (ref. 2)  have shown that, for helium imag- 
ing gas, the  supply  function  to  the  sharper  regions  around  the (111) plane  depends upon 
the  ability of the flatter regions  around  the (110) planes  to  ionize  their  supply of imaging 
gas  efficiently. Although similar  data  for neon have not been published, it is likely  that 
it would act  similarly. 
The  lack of information  concerning  these  factors  makes a theoretical  calculation of 
the  variation of the  supply  function,  and  thus  the  blinking  rate,  with  temperature  impos- 
sible at present. 
On the  other  hand,  while  the  field  variation of the  supply  function  to  the (111) plane 
is equally  difficult  to  estimate,  the  extremely  strong  field  dependence of the  denominator 
of equation (9) permits  us  to  ignore  the  field  variation of Z without introducing signifi- 
cant  error  into  the  results. 
The supply function Z or  more correctly,  the product pZ will therefore be treated 
as an  adjustable  parameter,  independent of field,  in  an  attempt  to  fit  equation (9) to  the 
experimental  data. 
At the  transition  field Fc where  the  mode  of  operation of the F. I .  M. changes  from 
ionization limited to supply limited, the transit time through the ionization zone At is 
equal to the ionization time T. Using Gomer's approximation for T (ref. 9) gives 
T = exp 0 . 6 8  I - 7 . 6  F [ F '  sec  
where I is the imaging gas ionization potential in eV, cp is the work function of the tip 
in eV, and F is the field in volts per A .  Noting that for neon at 78 K, Fc 2.75  volts 
per A ,  we can get a consistent value of At 
TC 
= A t  = 3.23X1O-l1 sec  (at 78 K) 
The values of the  parameters  used  are I = 21 .6  eV and cp = 4 . 5  eV. 
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Assuming  that A t  is independent of field  to a first  approximation, we can  correct 
for temperature by noting, with Brandon (ref. lo) ,  that 
Values  obtained for A t  at 5 and  20 K are given  in  table I. 
If we assume with  Muller (ref. 11) that the  means of removal  from  the  tip,  other 
than by ionization,  consists of the  diffusion of adatoms  to  the  shank  from  the  emitting 
region, we obtain for kd 
4 h  (kT)3/2 kd = . .  
nM1/2raF2 
where M and a are the gas atom mass and polarizability, respectively, r is the tip 
radius, and n is a geometry factor. 
Similarly, from Muller (ref. 11) 
2r  (2kTM)1/2 
Thus, 
n a F  
Making  the  transformation  from  field to voltage  through  the  relation a = F/V  results  in 
If F = 4.5 volts per A when V = 5 .6  kilovolts (BIV in fig. 4), then a = 0.805 A-'. 
Using n = 4/3 and CY = 3 . 9 2 ~ 1 0 - ~ ~  cm3, values of y at 5 and 20  K have been calcu- 
lated  and  are  listed  in  table I. 
If we combine equations (9), ( lo),  and (11) and introduce the factor 5 through 
equation (1) (i. e . ,  use F' in place of F to account for the field enhancing effects of 
the  helium-tungsten  complex), we obtain  an  expression  for  the BR as a function of the 
applied  voltage. In this  expression  the  second  ionization  potential  for  neon (- 41  eV) 
must  be  used  in  accordance  with  the  assumption  that  double  ionization of approaching 
neon  atoms  precludes  their  complexing  with  the  protruding  tungsten  substrate  atoms. If 
the parameters 5 and PZ are adjusted so as to give the best fit to the experimental 
9 
data of figure 4, we obtain  the  solid  curves  in  that  figure. As can be seen,  the agree- 
ment with experiment is good, and u and PZ take on reasonable values which are 
given  in  table I for  t ip  temperatures of 5 and  20 K. 
The  lifetime of a complexed  neon  adatom, as measured  by  the area under  the 
brightness  peak,  seems  to be related  to  the  number  and  energy of the  atoms  striking  the 
surface  from  the  gas  phase.  The  following  observations  have  been  made: 
(1) The  measured  brightness  peak area increases with  decreasing  helium  imaging 
gas  pressure.  
(2) The area increases as heavy  impurities,  such as nitrogen, are removed  from 
the  imaging  gas. 
(3) The  area  decreases  as the voltage is raised  toward BCOV. The number  and 
energy of gas-phase  atoms  striking  the  surface  increase with the  applied  voltage. 
This last consideration  may  explain  the  sharp cutoff in  the  blinking rate at the BCOV 
where equation (9) predicts a gradual fall-off. It is suggested that, near BCOV, the 
lifetimes of the  peak  adsorbed  neon  atoms  become s o  short  that  the  experimental  time 
constants  preclude  detection of the  peaks. 
SUMMARY OF RESULTS 
The  results of these  investigations  into  the  cause of the  blinking  effect  can be sum- 
marized as follows: 
1. A  blink or brightness  pulse  has  been  found  to  be  due  to  the  momentary  adsorption 
of a neon  atom  on  the  apex of a tungsten  substrate  atom.  The  resulting  protrusion 
causes  field  enhancement  and  thus  an  increase of emission  from  the  site. 
2.  The  blinking rate on the (111) plane  has  been  shown  to  be  proportional  to  the 
probability  that a neon  atom will penetrate  the  ionization  zone  above  an  emitter  without 
being  doubly  ionized. 
3 .  Below 30 K, a mobile neon layer is formed on the shank of the tip. Diffusion 
from  this  layer  to  the  imaged  portion of the  tip  seems  to  be  the  major  source of supply 
of neon  to  the  cap of the  tip. 
4. The  removal of peak  adsorbed  neon is at least partially  due  to  the  impact of 
energetic  gas-phase  atoms. 
Lewis  Research  Center, 
National  Aeronautics  and  Space  Administration, 
Cleveland, Ohio, November 30, 1970, 
129-03. 
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VALUES OF PARAMETERS USED IN EQUATION (9) 
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Figure 1. - Diagram of modified sample holder. 
Y, 
volts 4 
3.07xlO-~ 
4.91x10-2 
1 Field enhance- 
ment  factor, 
U 
1.227 
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sec-1 
1. 626x10-5 
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Neon partial pressure, torr 
Figure 2. - Plot of bl inking  rate of single  emitter on 
(111) plane  as a funct ion of neon  partial  pressure. 
Helium  partial  pressure, 6 ~ 1 0 - ~  torr;   t ip  temper- 
ature, 5 K. (Pressures are gage readings - not 
corrected  for gas species. ) 
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Figure 3. - Plot of b l inking  rate as a funct ion of he l ium 
pressure for two neon partial pressures. Tip ternper- 
ature, 5 K. 
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Figure 4. - Plot of bl inking  rate as a funct ion of applied 
voltage for  t ip  temperatures of 5 and 20 K. Helium 
partial pressure, 7 .8~10-~ tor r ;  neon par t ia l  pressure,  
2x10-8 tor r .  
Bl inking  cutoff voltage 
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(b) B l u r r y  mode onset voltage. 
Figure 5. - Plot of blinking  cutoff  voltage (BCOV) and  b lu r ry  
mode onset  voltage  (BBV) as a funct ion of t i p  temperature. 
(These two sets of data do not   re fer  to same  tip. ) 
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